ABSTRACT. The distribution of 14C concentrations in the dissolved inorganic carbon in the surface waters of the Pacific Ocean is shown to have a primarily latitudinal pattern with Q14C maxima at mid-latitudes in both hemispheres and a minimum at the equator. Oceanographic causes of this phenomenon are discussed.
INTRODUCTION
From 1957 through 1972, the La Jolla Radiocarbon Laboratory collected surface seawater samples from the Pacific Ocean to measure the radiocarbon concentration in the dissolved inorganic carbon. The results of these analyses have been published by Linick (1978) . These 14C measurements contribute significant information about the rate of uptake of bomb-produced 14C by the oceans and about ocean mixing processes. The post-bomb pattern of Q14C variation in the surface Pacific may be explained by different modes of water transport.
METHODS
Surface seawater samples were collected mainly on expeditions of research vessels of the Scripps Institution of Oceanography. Water was generally obtained from the ship's non-contaminating seawater pumping system, with water coming from a few meters sub-surface at the ship's bow. A 55-gallon polyethylene-lined steel drum was filled with seawater to within a few inches of its top. The dissolved inorganic carbon was extracted aboard the ship. The extraction system used in the early to mid-1960's is diagrammed in Bien and Suess (1967) . The system used from the late 1960's on is shown in figure 1 . This is a closed system in which the small amount of air trapped above the seawater is used to strip the CO2 from the seawater. One 9-pound bottle of concentrated H2SO4 solution was added to the seawater, the caps containing the secondary diffuser tube, the immersion heater, and gas outlet were inserted, and the tubing was attached. The small amount of air at the top of the drum was then recirculated through a bottle containing CO2-absorber solution (15M NH4OH made ca 1M in SrC12 to precipitate the carbonate) and then bubbled through the drum of heated, acidified water. The gas circulation was accomplished by using a Masterflex peristaltic pump (using Tygon tubing) with 1550 ml/min output pump head. The water was heated to ca 50°C. By extracting for at least 4 hours, the vast majority of CO2 was removed. The absorber bottle only was returned to the laboratory, where the solution was decanted and the SrCO3 precipitate was dried using vacuum and heat. CO2 was evolved on the high vacuum preparation lines by addition of 2M HCl to the precipitate. The CO2 was converted to acetylene, the counting gas, via Li2C2. Sample activities were measured using the detectors and methods described in Linick (1977 (Druffel and Linick, 1978) . From the earliest time of input of significant amounts of bomb-produced 14C, a strong latitudinal pattern of variation of surface water 014C was evident. In Linick and Suess (1972), plots of the data points as latitude versus i14C were given for the years 1957-1959, 1968, 1969, and 1970 (partial data set). The data used there, as well as in the following discussion, is from this laboratory and the New Zealand Laboratory, measured for the southern hemisphere (Rafter, 1968; Rafter and O'Brien, 1970; . Relatively little variation with longitude along a line of latitude is observable in those cases in which samples were collected on an essentially east-west track (Linick, 1975) ; the only observable feature of the variation is a slight decrease in Q14C as the American coastlines are closely approached. Figure 2 shows the variation of z14C with latitude for the central Pacific for all years of sample collection from 1957 through 1972. Samples were not available from a wide latitude range for all years. Very strong maxima are observed at mid-latitudes in both hemispheres with the peaks centered at ca 30° N and S. By the last years of collection, the figure 3 . An earlier version of this plot was given by Linick and Suess (1972) . Figure 3 is based on all La Jolla and New Zealand Laboratory measurements for samples obtained in [1969] [1970] [1971] [1972] (Keeling, 1968) . Surface pco2 is increased by upwelling of the usually higher CO2 deep water and by the rapid warming of upwelled (or otherwise-added) cold water. Photosynthesis by marine organisms uses CO2 and, thus, decreases pco2. The inorganic phosphatephosphorus (P04-P) concentration is lowest at the surface, reaches a maximum several hundred meters down, and declines slightly at greater depths (Reid, 1962) . Upwelling brings water of higher P04-P concentration to the surface.
Another important factor affecting surface 14C concentrations is horizontal surface and sub-surface currents. Currents can carry water of a certain 14C concentration away from its source, affecting 14G levels along the path of flow.
In the central North Pacific at latitudes from 15° to 35° N, the highest surface Pacific 14C levels are found. Here, in the gyral circulation system, the surface layer is 100 to 200m thick, and the thermocline is strong. The center of the gyre has a 60ppm (19 percent) deficit in pco2 relative to equilibrium, with all pr2'5 being below equilibrium values in this area (Keeling, 1968) . In addition, the P04-P concentrations in this region are generally less than 0.3µg-atoms/liter (compared to some other areas with concentrations as high as more than 2.0µg-atoms/liter) (Reid, 1962) . These findings are indicative of a lack of vertical mixing.
A minimum 14C band is found at 38° to 42° N, a narrow band associated with salinities from 33.60 to 34.15%. This band corresponds to the boundary region between the Subarctic and Central Water masses.
No evidence for substantial vertical mixing is found in Pco2 or P04-P concentration measurements. The region is dominated by eastward-flowing water fed from the Kamchatka Current (Oyashio) from the North and the Kuroshio from the South, both bringing water of lower 14C than the Central Water masses. The 14C maximum found at 45° to 48° N is associated with the southern Subarctic Current and is somewhat north of the Subarctic front. Apparently, the surface water in this band is either more isolated from deeper water or is not significantly fed by low 14C waters. To the north, 14C concentrations decrease. High P04-P (0.5 to 2.0µg-atoms/1iter) are found, the winter thermocline is relatively permeable, and the waters are convectively-overturned to great depths by harsh meteorologic conditions. The general 14C minimum along the equator is quite symmetric about 0°, with low values also found significantly south of the equator at the eastern end. The equatorial Pacific has a well-mixed surface layer 10 to 150m thick, with the thermocline deepest in the west, very shallow in the east (Knauss, 1963) . In the central region, there is an area of surface convergence at 5° N, with divergences at 0° and 10° N (Sverdrup, Johnson, and Fleming, 1942) . Cromwell (1953) and Rotschi (1970) found evidence of upwelling and divergence along the equator. The equatorial current system is quite complex: the strong North Equatorial Current (10°-20°N) flows to the west fed by the California Current and gyral waters; the weaker Equatorial Countercurrent (5°-8°N) flows easterly and the strong South Equatorial Current (4°N-10°S) flows to the west fed by Peru Current water plus a small amount of Equatorial Countercurrent water. The eastward-flowing Cromwell Current is found 100 to 400m sub-surface at the equator and is a prime factor in vertical mixing (Cromwell, 1953) . The strength of the Cromwell Current (Pacific Equatorial Undercurrent) and the degree of upwelling are related. The Peru Current, an area of substantial upwelling (Wooster and Reid,1963) 
